Metabolizable energy intake and heat production were measured in a series of calorimetry experiments carried out at the Agricultural Research Institute of Northern Ireland, Hillsborough, between 1993 and 1996 with beef cattle and sheep. A total of 75 estimates were made with cattle : 23 with Charolais cross steers ; 16 with Simmental cross steers and 36 with Angus cross steers (450-628 kg liveweight). Fifty-six estimates were made with lambs : 24 with Blackface cross, eight with Suffolk cross and 24 with Texel cross (23-53 kg liveweight). The diets offered to both cattle and sheep contained proportionately 0n0-0n8 cereal-based concentrates, the remainder being grass silage. Linear regressions of energy retention (measured by calorimetry) against metabolizable energy intake were produced for the cattle and sheep studies. From these linear regressions an estimate of metabolizable energy required for maintenance (MEm) was obtained. For cattle, the derived MEm was 0n614 MJ\kg LW! n
INTRODUCTION
The energy requirement for maintenance is defined as the metabolizable energy (ME) intake per day at which the animal is in zero energy balance. If energy retention is plotted against ME intake, two linear functions are produced with a point of inflexion at the maintenance level of intake, i.e. zero energy retention. From this, the energy requirement for maintenance (MEm) can be calculated. Indirect calorimetry or comparative slaughter techniques can be used to measure energy retention, although the latter are expensive and time-consuming. However, the ARC (1980) and more recently the AFRC (1990) have developed equations, based on liveweight, to estimate maintenance requirements. The AFRC (1990) equations separate the energy requirements for maintenance into requirements for fasting metabolism and requirements for activity. The major problem with using fasting heat production (FHP) to estimate maintenance requirements is that FHP depends on breed and sex of the animal, previous plane of nutrition, length of the measurement period and size of the internal organs. Koong et al. (1985) observed that animals of the same weight that had greater feed intakes before determination of FHP had higher values for FHP and heavier weights for metabolically active internal organs than animals which had lower feed intakes.
There is evidence to suggest that the ARC (1980) or AFRC (1990) equations underestimate maintenance requirements. For example, Johnston (1995) restricted the ME intake of growing lambs to 1n16 times maintenance as estimated by ARC (1980) , and observed a negative energy retention by comparative slaughter. Similarly, Oosting et al. (1993) calculated the MEm requirements of steers and wethers with ARC (1980) equations and by linear regression of ME intake against energy retention measured using respiration chambers. For sheep, the linear regression estimates of maintenance were similar to those obtained using the ARC (1980) equations. However, in cattle, the linear regression estimates of maintenance were higher than those obtained from ARC (1980) equations. If maintenance requirements are underestimated, energy available for production would be overestimated and, consequently, efficiency of utilization of energy for growth (k g ) would be underestimated. The results of some studies (e.g. Unsworth et al. 1991) have produced very low calculated k g values. However, these may be at least partly due to underestimation of MEm. The purpose of this study was to estimate the maintenance energy requirements of growing cattle and sheep from the linear regression of ME intake against energy retention using data from several experiments carried out at this Institute.
MATERIALS AND METHODS

Data
The data used in this study were obtained from a series of calorimetry experiments carried out at the Institute in the period from January 1993 to June 1996. The studies involved both beef cattle and sheep offered diets of forage or forage\concentrate in various proportions. Details of the animals and treatments for each of the experiments are presented in Tables 1 and 2 . Details of the experimental design, number of animals used in each study and number of observations obtained are presented in Table 3 .
Measurements
To facilitate the measurements of individual feed intakes, the cattle were tethered in individual stalls and the sheep were housed individually in slatted pens. In each experiment, after an acclimatization period before the treatments (specified in Table 3 ) the animals were transferred to metabolism stalls for the collection of total faecal and urinary outputs. The balance was carried out for 9 days for cattle and 6 days for sheep. In both instances, the animals were transferred to respiration chambers for the final 3 days of the balance, so that digestibility was partly measured in the stalls and partly in the chambers. Each chamber contained either one steer or six sheep. The animals were restrained in metabolism stalls within the respiration chambers. For sheep, specially designed metabolism stalls were constructed to restrain six sheep individually. The design of the two indirect open-circuit respiration chambers was as described by Gordon et al. (1995) . Gross energy (GE) intake, urinary energy outputs and methane energy outputs were measured for 3 days. Gaseous sampling methods were as described by Gordon et al. (1995) with 14 measurements of flow rates and composition of air being recorded in each chamber per hour. A 48-h period within the 72 h in the chambers was used to estimate heat production, in order to give the steers and sheep an initial period for adjusting to the environment. Heat production was estimated from measurements of carbon dioxide, methane and urinary nitrogen production and oxygen consumption using the Brouwer (1995) equation. There was one measurement of heat production per animal in the cattle studies and one measurement of heat production per six animals in the sheep studies. Each group of six sheep received the same treatment and provided one replicate per treatment. Digestible energy (DE) intake was estimated by multiplying GE intake, as measured over the 3-day period in the chambers, by the energy digestibility coefficient calculated for the total balance period (9 days for cattle 6 day for sheep). Metabolizable energy (ME) intake was calculated by subtracting urinary and methane energy outputs (as measured in the 3-day period in the chambers) from DE intake. Energy retained was calculated by subtracting heat production (measured over the 48-h period in the chambers) from ME intake. For sheep, energy retained by the six sheep was determined and then averaged to produce a mean value per sheep and hence per treatment.
Analysis of data
A linear relationship between energy retention (ER) and ME intake (MEI) was assumed and regression of ER on MEI produced an equation of the form ER l aMEIjb. MEm is taken as MEI when ER is zero, and therefore MEm lk b a . In cattle, two regressions were produced for the relationship between ME intake and ER for the data from studies 1, 2 and 3. In the first regression, all treatments were included (n l 75), while in the second, the silage-only diets were excluded (n l 63). Similarly, with sheep, two regressions of ER on MEI were produced using the results of studies 1-4. In the first regression, all diets were included (n l 56) and, in the second, the silageonly diets were excluded (n l 48).
MEm was also calculated using the equations of AFRC (1990) where :
Fasting heat production (F) l 0n53(W\1n08)! n '( for steers and 0n251 (W\1n08)! n (& for growing and fattening lambs. Expenditure on standing and walking (A) l 0n0071W for steers and 0n007W for growing and fattening lambs and k m l 0n35q m j0n503 ; q m l ME\GE .
RESULTS
Maintenance requirements estimated by linear regression and from AFRC (1990)
The linear regression models used to determine the relationships between ER and MEI in the cattle and sheep studies were tested for differences between experiments, crude protein content of the total diet, energy density of the total diet (measured as ME\DE), metabolizability (q l ME\GE) and breed. In the regression model, experiment number was the only Kirkpatrick (1995) Randomized block design On treatment for duration of experiment l 120 days 4 7 2 6 2 4 † Acclimatization period refers to the time the animals were adapted to the diets before digestibility and heat production were determined. ‡ For the estimation of energy retention by calorimetry, there were six lambs per respiration chamber, therefore each group of six sheep provided one estimate of energy retention. 
factor which was significant (P 0n05). The removal of experimental differences did not significantly improve the relationships in the cattle studies, but increased the r# value for the sheep studies. There was no significant difference between the regressions of ER on ME intake when all diets were included and when silage-only diets were excluded. Therefore, only the regressions produced when all diets were included are presented.
Cattle
The linear regression of ER on ME intake using the results from Expts 1, 2 and 3 with all diets included is presented in Fig. 1 . The equation produced by the linear regression of ER on ME intake when all diets were included is given in Table 4 . The equation was highly significant (P 0n001) and the proportion of variation accounted for was high (r# l 0n73). 
Sheep
The linear regression of ER on ME intake using the results from studies 1-4, with all diets included, is presented in Fig. 2 . The equation produced by the linear regression of ER on ME intake when all diets were included is given in Table 4 . As for the cattle studies, the relationship was highly significant (P 0n001) and a large proportion of the variation was accounted for (r# l 0n84). Energy requirements for maintenance for sheep and cattle estimated from the above regressions and those calculated using the equations from AFRC (1990) are presented in Table 4 . For both cattle and sheep, the MEm values estimated by regression were greater than those obtained from AFRC (1990) (cattle : proportionally 0n34 higher ; sheep : proportionally 0n32 higher).
DISCUSSION
The results of this paper indicate that MEm values estimated by regression of ER on ME intake are higher than those estimated by the AFRC (1990) . The use of MEm values calculated from AFRC (1990) would result in higher levels of ME available for production and hence a lower k g than if MEm values estimated by regression were used.
A number of factors may have contributed to the higher estimates of MEm obtained by linear regression of ER on ME intake in the current study compared with AFRC (1990) estimates. The AFRC (1990) estimates of maintenance were based on sheep or cattle which were in a fasting state and prior to fasting were offered diets at maintenance or at low levels of energy intake. Plane of nutrition or rate of gain can have a profound effect on maintenance energy requirements. For example, Frisch & Vercoe (1977) noted that steers fed ad libitum had proportionately 0n20 higher fasting heat production than steers restricted to 80 % ad libitum. In both cases, the steers were fasted for 96 h prior to the determination of fasting heat production. Also, Ferrell et al. (1986) noted that lambs on a high plane of nutrition prior to determination of FHP had 0n40 higher FHP values than lambs on a low plane of nutrition. The higher maintenance requirements, associated with higher rates of gain, appear to be due to the increased mass of metabolically active organs such as the liver, intestines, heart and kidneys (Koong et al. 1985 ; Ferrell et al. 1986 ). As AFRC (1990) estimates of MEm were made using fasting or restricted diet animals, it would be expected that heat production by the visceral organs would be lower than in fully fed animals. This would make AFRC (1990) estimates of MEm values lower than values determined by the regression of ER on ME intake measured in fully fed animals. However, this explanation does not con-sistently apply across all studies in the literature or even within the individual studies. For example, Oosting et al. (1993) and Alam et al. (1991) observed that MEm of sheep, estimated by linear regression of ER on ME intake was similar to that obtained by the ARC (1980 ). However, Oosting et al. (1993 and Varga et al. (1990) observed that MEm requirements of steers estimated by regression differed considerably from those obtained by using ARC (1980) et al. (1993) , Alam et al. (1991) and Varga et al. (1990) , which estimated maintenance requirements by linear regression of ER on ME intake, is that the estimation of MEm required extrapolation beyond the data set owing to a lack of data points close to the x-axis. In the current study, however, the regression equations developed were based on a wide range of ME intakes with ad libitum and restricted intakes being represented. As a result, there were many data points close to the x-axis, i.e. where ER is zero or near zero (Figs 1 and 2 ). This would increase the accuracy of the result. Several other energy systems have produced equations to predict ME requirements for maintenance. One such system is the Australian system produced by the Standing Committee on Agriculture (SCA 1990) . This system recognizes the effect of feeding level on fasting metabolism and uses equations based on the approach adopted by Graham et al. (1984) to predict MEm. The system also makes provision for the age of the animal in the prediction equation. For the series of studies presented in this paper, MEm was calculated using the equations of the SCA (1990). Metabolizable energy requirements for maintenance of 0n416 and 0n572 MJ\kg LW! n (& per day were obtained for sheep and cattle, respectively. These values are considerably closer to the estimates obtained in the current study than to those given by the AFRC (1990) .
The regression equations presented in this paper were tested for a number of factors including experiment number and crude protein content, ME\ DE content and q of the diet. The only factor to have a significant effect was experiment number. This was particularly apparent in the sheep studies. The main difference between experiments in the sheep studies appeared to be silage quality in terms of ME concentration. In three of the four studies, the silages had ME concentrations in the range 11n4-11n7 MJ\kg DM, while in the fourth the silage had an ME concentration of 10n6 MJ\kg DM. It has generally been observed that high silage diets (low ME intake) are less efficiently utilized (i.e. have lower k g ) than high concentrate diets (high ME intake) (ARC 1980) . If this is the case, then a constant slope (k g ) cannot be applied to the relationship between ME intake and ER. This problem was overcome in the current dataset by excluding silage-only diets in the regressions for sheep and cattle and also by removing experimental effects as discussed above. In addition, for cattle, the lowest ME intakes included diets with a high proportion of silage (70-100 %) offered ad libitum and diets with a high proportion of concentrates offered at 75-80 % of ad libitum, while for sheep the dataset also included a 50 : 50 silage : concentrate diet offered at approximately the maintenance level of energy intake. The inclusion of both these types of diet in the dataset within the lower part of the range of ME intakes should minimize the effect of range in ME concentration of the diets or forage : concentrate ratio on the slope of the regression line and hence the estimate of MEm. Furthermore, when the 50 : 50 silage : concentrate diet was offered to 30 animals, in one of the sheep studies (Johnston 1995) at 1n6 times maintenance requirement as estimated by AFRC (1990), a negative energy retention, estimated by comparative slaughter, was obtained. This result would support those obtained by calorimetry, which indicated that AFRC (1990) equations underestimate the maintenance energy requirements of the animals used in the present studies. Yan et al. (1997) estimated the MEm of dairy cows by the regression of ER on ME intake. MEm was on average 46 % higher than AFRC (1990) estimates. Part of the reason for the higher MEm estimated by regression was attributed to the fact that diets offered contained high proportions of grass silage. When regressions between ER and ME intake for cows offered silage-only diets were compared with those for cattle given silage and concentrate diets, MEm was proportionately 14 % higher with the cows offered grass silage only. In the current study, most of the diets offered were mixed silage\concentrate diets. However, when silage-only diets were excluded from the regressions, estimated MEm values were not affected in either sheep or cattle.
The results of this study have produced estimates of ME requirements for maintenance, estimated by regression of ER on ME intake which are proportionately 0n34 and 0n32 higher in cattle and sheep, respectively, than the AFRC (1990) estimates. Many factors influence maintenance requirements ; in particular, plane of nutrition and diet type. These need to be considered when calculating ME requirements for maintenance.
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